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1. Introduction 
 
The Great Barrier Reef is an iconic Australian scenic attraction which is suffering degradation. 
Particularly the outer reef is experiencing bleaching in the summer months and with global 
warming increasing the mean temperature, bleaching can be expected to be more extensive in 
the future. 
 Much income is generated by tourist activity based around viewing the brightly colored corals. 
This has led to a number of proposals on how to mitigate bleaching. Many requires energy 
distributed over large areas of the reef. 
The solar energy, the waves (Kempener and Neumann, 2014), wind and tides are potential 
sources of distributed renewable energy. 
The amount of energy that can be extracted from the marine environment can be estimated 
from measurement or modelling.  The amount of energy fluctuates and for some applications 
this can be a severe problem, which might be helping the future by improving battery 
technology. 
Four technologies to extract power from the environment were assessed by finding the average 
power generated over a summer month at two locations in the Great Barrier Reef. These 4 
technologies have no greenhouse gas emissions. The amount of power generated depends on 
the scale of the technology so we have assumed much the same size for each calculation. The 
energy potentially available has been reduced by the efficacy factor. The efficiency is expected 
to improve with time.  
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2. Wave Energy 
 
 
Data source 
The wave data used in this study is CAWCR wave hindcast. This is a 35 year hindcast, run at 
a resolution of around 7km around the Australian coast. The data can be downloaded from 
CSIRO OpenDAP server:  
https://data-cbr.csiro.au/thredds/catalog/catch_all/CMAR_CAWCR-
Wave_archive/CAWCR_Wave_Hindcast_aggregate/gridded/catalog.html 
The files are named in a format as‘ww3_aus_4m.******.nc’ where 4m represents the 4 
minutes (~7km) high resolution wave data that has been used to calculate wave energy in Great 
Barrier Reef. Fig.1 shows the model domain of high resolution product along Australian 
coastline and the selected 2 stations for wave power calculation. 
 
Wave power 
The significant wave height (Hs) at two stations were extracted to study the temporal variations 
during the whole year of 2018 (Fig. 2). The maximum Hs is up to 3m and minimum is close to 
0.5m. Hs at stn 1 and stn 2 are showing similar variation range and changing trends.  
The wave power is calculated using the equation:  
𝑃 =
𝜌𝑔2
64𝜋
𝐻𝑠
2𝑇𝑝 = (0.5
𝑘𝑊
𝑚3𝑠
)𝐻𝑠
2𝑇𝑝  ,                                  (1) 
Where P the wave energy flux per unit of wave-crest length (Kw/m) , Hs the significant wave 
height, Tp the wave energy period, the wave density and g the gravity acceleration. 
The wave power calculated using Eq.1 varies in a range of 0 to 30 kW/m through the year (Fig. 
2). The values in the months of Oct to March are averagely lower than those in April to 
September in 2018. 
The battery storage provided by a buoy with a diameter of 10 m (theoretical 100% efficiency) 
is plotted in Fig. 3. The mean wave power generated by a 10m buoy is approximately 55 kW 
at two stations. 
A 30% of the wave turbine efficiency is applied as a common value (Rusu and Onea, 2018). 
So the estimated electric power that can be extracted from a 10m wave buoy is approximately 
16.5 kW. 
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Figure 1. Top: an example of high resolution bathymetry used in 35 year wave hindcast of 
significant wave height (Hs) along Australian coastline. The red dots indicated the selected 
stations for analysis. Bottom: Aerial photo of GBR labelled with the location of station 1 and 
2. 
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Figure 2: Hourly modelled Hs and wave power in 2018 at station 1 and 2. 
 
 
Figure 3: Wave power generated by a buoy with 10m diameter at station 1 and 2. 
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3. Wind Power 
 
 
Data source 
The hourly wind data (10m above sea surface) was extracted from Weather Research and 
Forecasting model for the period of December, 2016. 
 
Wind power 
The power converted from the wind into rotational energy in the turbine is given as: 
𝑃 =
1
2
𝜌𝐴𝑈3𝐶𝑃  ,                  (2) 
Where P the wind power, 𝜌 the air density (~1.23 kg/m3), A the swept area which equal to 
𝜋𝑟2 (r as the blade length), U the wind speed, Cp the power coefficient (0.4 applied here). 
A 10.2m blade length of a wind turbine is designed to generate around 30 kW at station 1 and 
12 kW at station 2 (Fig. 4). 
 
Figure 4: Hourly wind power at station 1 and 2 generated by a wind turbine with a 10.2m blade 
length. 
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4. Tidal Flow Power 
 
 
Data source 
Bathymetry data used is 30m resolution DEM obtained from Geoscience Australia (2017) 
https://ecat.ga.gov.au/geonetwork/srv/eng/catalog.search#/metadata/115066. The averaged 
depth at the channel gate is 25m (Fig.5).  
Observation of hourly tidal elevations during January 2018 was obtained from tidal gauges 
close to the two stations (http://www.bom.gov.au/australia/tides/#!/qld-russell-island). Lizard 
Island (stn1): latitude 14° 39' S, longitude 145° 27' E; Russell Island (stn2): latitude 17° 13' 
0" S, longitude: 146° 6' 0" E. 
 
Tidal flow power 
An idealized model is used to calculate the tidal currents through the channels between GBR 
inlets. The concept is that the water volume within the model box during a tidal cycle is equal 
to the accumulated flux calculated through the channel mouth over corresponding time. 
𝐻 × 𝐿 × 𝑊 = 𝑢 × 𝐷 × 𝑟 × 𝑡       (3) 
Where H the tidal level, L the distance from the shoreline to the continental shelf boundary 
perpendicularly (typically measured at 50km), W the spacing between channels (typically 
measured at 7km), D the average depth of channel, r the channel width between inlets 
(typically measured at 1.5km) and t half the tidal cycle, as shown in Fig 5. 
The tidal levels vary from maximum 1.55m to -1.44m with a tidal range of 2.99 m at station 
1, and a maximum of 1.31 m to minimum -1.39 m with tidal range is 2.7 m at station 2 (Fig 
6). The tidal currents calculated using Eq. (3) can reach 0.62 m/s and 0.55 m/s at station 1 and 
2 respectively (Fig. 7). 
The tidal flow power is calculated using the same equation Eq. (2) as for the wind power, 
where seawater density is 1029 kg/m3, the tidal turbine blade length is 2.5 m which lead to 
the swept area equal to 19.6 m2, and the 0.4 power efficiency is applied. The mean tidal 
power generated by a 2.5 m blade is 150 kW and 122kW at station 1 and 2 respectively (Fig. 
8).  
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Figure 5: Bathymetry map of Great Barrier Reef with measured distance of a typical block to 
calculate water volume and tidal currents through the channel. 
 
 
 
 
 
 
 
D = -25m 
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Figure 6: Measured hourly tidal elevations at two stations during January 2018.  
 
 
Figure 7: Estimated tidal currents through the channels mouth between Great Barrier Reef 
islands at two stations during January 2018. 
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Figure 8: Tidal flow power generated by 2.5m blade length at two stations during January 
2018. The average power generated is 150 kW and 122 kW at station 1 and 2.  
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5. Solar Power 
 
 
Data source 
The solar radiance data is read from Australian Photovoltaic Institute APVI solar maps 
(https://pv-map.apvi.org.au/). For Great Barrier Reef region, there is only Mackay station 
available to read irradiance data. The hourly irradiance data in January 2018 was extracted 
from Mackay station. 
 
Solar power 
The hourly mean value of solar irradiance at Mackay station is approximately 356 W/m2 
including daytime and night time (Fig. 9). A 2.5m×2.5m solar penal with a 15% efficiency 
will generate on average power of 0.3 kW. 
 
Figure 9: Hourly solar power (Watts) at Mackay station during January 2018.  
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6. Summary 
 
The scale of energy converted is shown to be small because of the difficulties of working 
amongst the coral reefs. Table 1 shows the comparison of different energy types and the 
generation rate of power production. As a result, tidal flow power shows the largest amount of 
energy generation.  
 
Table 1: Different technologies and the generation rate of power production. 
Energy type Station 1 Station 2 Efficiency 
 
solar energy 0.3kW  0.3kW 15% 2.5m×2.5m panel 
wave power 16.5kW 16.5kW 30% 10m diameter buoy 
wind power 30kW 12kW 40% 10m blade 
tidal flow 150kW 122kW 40% 2.5m blade 
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